Postnatal development of circadian rhythm of the hypothalamo-pituitary-adrenocortical axis was examined by sacrificing rats twice a day, i. e., 8:30 a. m. and 6:30 p.m. Circadian rhythm of plasma corticosterone level became evident during the third week of life. Hypothalamic content of corticotropin-releasing factor (CRF) was not detectable till the end of the second week after birth. A significant increase of CRF activity became manifested in the evening during the third week of postnatal life, whereas the CRF activity in the morning remained undetectable. Thus, it is apparent that a significant circadian rhythm of hypothalamic CRF activity also begins during the third week of postnatal life in the rat under our experimental conditions. The finding may provide further support for the existence of a circadian rhythm in the hypothalamic CRF content with the peak value in the evening and the nadir in the morning.
In spite of numerous studies on the postnatal development of the pituitary-adrenocortical system (Milkovic and Milkovic, 1969) , few works have been done on the development of its circadian periodicity. Allen and Kendall (1967) appear to be the first who systematically examined this problem. They showed that the adrenocortical circadian rhythm in rats became evident at 30 to 32 days of age. On the other hand, Ader (1969) reported that the characteristic 24-hour adrenocortical rhythm was first observed in rats 21 to 25 days old. The circadian rhythmicity of the pituitaryadrenocortical axis in the adult rat is well documented (Critchlow, 1963) . Recently, we have shown (Hiroshige et al., 1969a and b) that the hypothalamic content of corticotropinreleasing factor (CRF) also exhibits a signiwas characterized by its close association with that of plasma corticosterone level simultaneously determined, and also by regular precedence of CRF over plasma steroid level at a constant time interval.
Thus, it appears that observed changes of hypothalamic CRF activity are of physiological signiof CRF activity and subtlety of its bioassay (Guillemin, 1964 (Guillemin, , 1967 , further validation of the rhythmicity of hypothalamic CRF activity is needed. In the present experiment, therefore, we attempted to find out the appearance time of a circadian rhythm of CRF activity and correlation, if any, of this activity to plasma corticosterone level during the postnatal period in the rat. A preliminary report of a part of this work has been given (Hiroshige and Sato, 1970 Figure  1 and Table 3 . Cerebral cortex extract (CCE) was used as control. 3. Parallelism between hypothalamic CRF and plasma corticosterone levels When the patterns of circadian rhythmicity during the postnatal developmental period were compared between plasma corticosterone and hypothalamic CRF levels (Tables 2 and  3 ), a marked similarity was noted. For instance, on the 7th day when the plasma glucocorticosteroid level showed a slight circadian rhythm, the CRF activity also showed a similar rhythmicity. When postnatal changes of hypothalamic CRF in the evening were plotted along with those of plasma corticosterone, an excellent parallelism was observed as shown in Figure 2 . Both parameters in the morning also showed a good parallelism. 
Discussion
The existence of a circadian rhythm at the hypothalamic CRF level has been implicated (Mills, 1966; Rinne and Sonninen, 1964; Retiene et al., 1968) , but not fully substantiated. Ungar (1964) appears to be the only researcher who successfully detected daily variation of CRF activity in the mouse hypothalamus. Recently, we have shown (Hiroshige et al., 1969a and b) that there exists a circadian rhythm of CRF content in the rat hypothalamus and this rhythmicity is temporally in close correlation with that of plasma corticosterone level. In these studies, it was shown that the peak value of CRF activity was located at 6:30 p.m. and the minimum at 8:30 a.m. under the lighting regimen similar to the present experiment. Recently, Cheifetz et al. (1967 Cheifetz et al. ( , 1969 reported that the peak value of CRF activity was found in the early morning and the nadir in the evening. More recently, however, DavidNelson and Brodish (1969) and independently Vernikos-Danellis et al. (1969) , using different CRF assay methods from ours, reported that the hypothalamic CRF activity in the rat gradually increased from the low morning level to the peak value in the evening. This pattern of change of CRF activity appears to be consistent with our observations, even though David-Nelson and Brodish noted a transient fall in CRF content 2 hours prior to the onset of the dark period. Timing of sampling, therefore, in the present experiment appears warranted. Thus, plasma corticosterone and hypothalamic CRF levels were found to show a slight circadian rhythm already on the 7th day of postnatal life. All the CRF activities in the morning and some in the evening, however, were not significantly different from that of cerebral cortex extract (CCE) ( Table 3) . It is then difficult to assess the significance of the rhythmicity observed among them. Thus, it may be concluded that a significant circadian rhythm of hypothalamic CRF activity in the rat begins during the third week of postnatal life under our experimental conditions (Fig. 1) serve as additional evidence for the existence of a circadian rhythm in the hypothalamic CRF content. As to the possible participation of hypothalamic amines in the manifestation of circadian rhythmicity of CRF activity, some relevant discussion was given elsewhere (Hiroshige et al., 1969a and b) , even though few works have been done on the postnatal change of the hypothalamic amine content (Kobayashi et al., 1968) . Our results on the appearance time of circadian rhythmicity are in agreement with those of Ader (1969) who reported that the adrenocortical rhythm was already mentioned, Allen and Kendall (1967) reported more delayed appearance of the adrenocortical rhythm. The reason for this disparity is not known, but it may be due to the difference in the experimental manipulations since Ader has also shown that maturaof the rhythm could be influenced by handling or electric shock imposed during the early postnatal period. Close parallelism between the increment of hypothalamic CRF content and plasma corticosterone level was demonstrated in our laboratory, by using the direct intrapituitary microinjection for CRF assay.It was found then (Hiroshige et al., 1969a ) that changes in the circadian rhythm of hypothalamic CRF content regularly preceded that of plasma corticosterone at a constant time interval. This is rather conceivable in view of the causal relation between them. It was further shown (Hiroshige et al., 1969c ) that this parallelism was also manifest in the stress response. In the present experiment, we have shown that the postnatal appearance time of CRF rhythmicity coincides with that of plasma corticosterone level (Fig. 2) . Although the very significance of this parallel change remains uncertain until the turnover rate of CRF is estimated, still it seems reasonable to assume that rapid increment of CRF content in the evening during the third week of postnatal life may indicate more enhanced synthesis of CRF over its accelerated release which presumably begins at this stage of development.
As to the genesis of the CRF periodicity , much remains to be done. Since the plasma corticosterone level regularly follows changes of hypothalamic CRF activity, the possibility of involvement of negative feedback mechanism should be considered in the first place. It was shown, however, in our laboratory (Hiroshige et al., 1969b ) that even in the chronically adrenalectomized rats the periodicity in the hypothalamic CRF content persisted almost in the same manner as in the intact rat. The findings therefore safely exclude the above-mentioned possibility and further suggest that the circadian rhythm of CRF activity is controlled dominantly by the higher central nervous system (CNS), being essentially independent of the classical negative feedback mechanism. Concerning the mode of CNS involvement in the regulation of circadian rhythm of the pituitary-adrenocortical system, Galicich et al.(1965) reported that suprapontine ablation interfered with the appearance of a circadian rhythm in the pituitary ACTH content, while suprathalamic brain ablation did not. Their results indicate that the cerebral cortex as well as a number of subcortical structures, including the limbic system, are dispensable for the persistence of circadian rhythmicity. In this regard, the observations by Slusher (1964) are pertinent. She reported that lesions located in the anterior periventricular zone and the arcuate nucleus abolished the circadian rhythmicity of plasma corticosterone in the mouse, whereas electric destruction of the posterior tuber cinereum did not. Later, Haldsz et al.(1967) determined the ACTH content of rat pituitaries after partial or total interruption of neural connections of the medial basal hypothalamus. In accordance with Slusher's observations, they concluded that the neural pathways reaching the medial basal hypothalamus from anterior were essential for the maintenance of normal diurnal ACTH rhythm. These interesting Endocrinol. Japon. February 1970 observations should be confirmed and further extended, especially in relation to CRF dynamics in the hypothalamus.
